Objectives-To perform a pilot study on bacterial contamination in some dental surgeries (n=51) in a local health unit in Brescia (Lombardy Region, Italy) and to evaluate the procedures to control cross infection used by the personnel to reduce the risk of infection in dental practice. Methods-A survey was carried out by interviewing 133 dental personnel with a questionnaire on the procedures used to control infection. The autoclaves, chemical baths (chemiclaves), and ovens present in the surgeries were tested for sterilisation eYciency with a spore test, and already packed and sterilised instruments were randomly sampled and tested for sterility. Microbial contamination of air, surface, and dental unit water samples were also studied. Results-The dental personnel did not generally follow the principal procedures for infection control: 30% of personnel were not vaccinated against hepatitis B virus, infected instruments were often not decontaminated, periodic checks of autoclave eYciency were lacking, and the knowledge of disinfection mechanisms and procedures was incomplete. High bacteriological contamination of water at dental surgeries was often found and total bacteriological counts in air samples were high. Surface studies showed widespread bacterial contamination. Conclusions-On the basis of these results, an educational programme for the prevention of infective hazards has been prepared and carried out. The results of this pilot study will be used for planning a national survey. (Occup Environ Med 2000;57:721-726) 
Research has shown that infective hazards are present in dental practice, because many infections can be transmitted by blood or saliva through direct or indirect contact, droplets, aerosols, or contaminated instruments and equipment.
1 All dental personnel are at risk, including dentists, nurses, and hygienists, who may transmit infectious diseases to patients by the use of contaminated dental instruments or hands. This microbial cross contamination is particularly dangerous when considering immunodeficient patients.
Previous seroepidemiological studies have confirmed these occupational hazards, showing higher concentrations of serum antigen and antibodies for hepatitis B, 1-3 hepatitis C, 4 5 and Legionella spp, 6 in dentists than in the lay population and an increased prevalence of respiratory infections 7 and symptoms 8 possibly related to aerosols. The potential for transmission of disease and cross contamination at the chairside is obvious, yet any item contaminated by a patient's saliva or blood is a potential source of cross contamination and transmission of disease. In the United States the Occupational Safety and Health Administration's standard for occupational exposure to blood borne pathogens considers items that have been contaminated by saliva in dental procedures and have not been decontaminated as potentially infectious, 9 10 and it is known that many infectious agents, if present in high numbers, can survive for several days when associated with body fluids containing protein. Therefore, practices to control infection should be a part of the organisation of every dental surgery.
Although it is well known that air, surfaces, dental materials and instruments, and water in dental units could be vehicles for cross contamination with various microorganisms, information on the microbial contamination of the dental surgery environment is still lacking.
Some researchers have studied the bacterial contamination of air samples collected in dental surgeries. [11] [12] [13] Infectious aerosols may be generated during dental practice, especially when high speed handpieces or ultrasonic scalers are used without a high volume evacuator, 14 and there are data that support the potential transmission of infectious diseases through inhalation of these aerosols. The potential air contamination of dental surgeries by infectious aerosols has also been pointed out by the Centers for Disease Control and Prevention in Atlanta, which recommend that all sources of blood contaminated splatter and aerosols be minimised with rubber dams, high velocity evacuation, and proper positioning of the patient. 15 Previous studies have shown extensive contamination of water in dental units, not only with water saprophytes, but also with some potentially pathogenic microorganisms such as Legionella pneumophila, 16 and Pseudomonas aeruginosa. 17 18 Bacterial counts as high as tens of millions of colony forming units/ml (cfu/ml) have been reported. These counts far exceed the 200 cfu/ml goal for aerobic mesophilic bacteria suggested by the American Dental Association for dental surgery. 19 Biofilm formation along the walls of the fine bore waterlines seems to be the primary factor responsible for dental unit waterline contamination. 19 20 The health hazards for patients posed by high levels of bacteria in dental unit waterlines is still unresolved. However, some cases of infections in immunocompromised patients have been reported. 21 Data on microbial contamination of surfaces or instruments in dental surgeries are scarce. Some research has shown extensive contamination of surfaces and instruments in dental surgeries by hepatitis B surface antigen, 22 and hepatitis C virus (HCV), 23 but current publications do not contain any data on bacterial contamination.
Concerns about control of infection in dentistry have been heightened by a report of transmission of human immunodeficiency virus (HIV) from an American dentist to five of his patients. 24 25 The use of procedures to control infection and universal precautions in the dental surgery is eVective in preventing microbial pollution and cross contamination and is strongly supported by organisations such as the Centers for Disease Control and Prevention, the American Dental Association, schools of dentistry, and many other health agencies and professional associations. 15 For this reason, since the end of the 1980s many surveys have been carried out in several countries, especially in North America and Europe, to investigate practices to control infection and compliance with universal precautions in dental surgeries. [26] [27] [28] [29] [30] [31] [32] More recent surveys have shown improved compliance with recommended practices to control infection over time. 33 34 In many cases, however, the results showed the need for further educational eVorts to promote universal precautions and a high standard of hygiene in dental practice.
There is no current research studying the microbial contamination of air, water, and surfaces in dental surgeries concurrently with the procedures to control infection followed by dental personnel.
The aim of this study was threefold: firstly to assess the knowledge, attitudes, and behaviour of dentists of a local health unit in Lombardy, Northern Italy, in techniques to control cross infection; secondly to study microbial contamination of the air, surfaces, materials, and water in these dental surgeries; and thirdly to set up an educational programme based on the results obtained to improve the adoption of infection control techniques. This is a pilot study for a future larger Italian survey on infective hazards in dental practice.
Materials and methods

DENTAL SURGERIES AND PERSONNEL
Lombardy is one of the most highly industrialised regions in Italy. All the self employed dentists (n=62) in a local health unit in Lombardy and 71 nurses working in 51 private dental surgeries were involved in this comprehensive programme organised with the assistance of university researchers from the Dental Clinic and Chair of Hygiene at the University of Brescia, and health oYcers from the local health unit. The aim was to evaluate with a questionnaire the procedures used by the personnel to control infection, to study microbiological contamination in dental surgeries, and to test autoclaves for eYciency of sterilisation. The main targets of the research were the owners of the dental surgeries, as they are responsible for the health and safety of employed dental personnel, according to the Italian law (No 626, 1994 ) and some European Union (EU) directives (89/391/EU, 89/654/ EU, 89/656/EU, 90/679/EU). Unlike the American Dental Association, the Italian Dental Association has not produced guidelines for procedures to control infection.
The results obtained were used to set up an educational programme for improving compliance with procedures to control infection by the dental personnel involved in the research.
QUESTIONNAIRE
A self administered questionnaire was given to all the personnel in the dental surgeries to analyse the following data: (a) personal details (age, duration of occupation, etc); (b) structure of the dental surgery (total surface area, number of rooms, number of operating rooms, type of floor, presence of dental technician laboratory, number of dental units, autoclaves, chemical baths (chemiclaves), and ovens present, etc); (c) instruments, materials, and techniques used for the prevention of infective hazards for both personnel and patients (protective systems, use of disposable items, disinfection and sterilisation procedures, handling of contaminated materials, etc); (d) episodes of infection and vaccination against hepatitis B, and other vaccines used. Water distributed in the 51 dental units was sampled at the hose and air-water syringe (two samples/surgery) and investigated for several microbial variables (total bacterial counts at 22°C and 37°C, total coliforms, fecal coliforms, fecal Streptococci, sulphite reducing Clostridia, coliphages, Staphylococci, Legionella species, and Pseudomonas species). 35 Total bacterial counts at 22°C and 37°C were expressed as cfu/ml and compared with the American Dental Association goal (<200 cfu/ml), 19 and with EU drinking water guidelines (<10 cfu/ml at 37°C and <100 cfu/ml at 22°C). 36 
SPORE TEST FOR AUTOCLAVES, CHEMICLAVES, AND OVENS
The autoclaves, chemiclaves (operating with formaldehyde and organic solvents), and ovens (with door operated manually) present in the dental surgeries were of diVerent types and only a few had cycle recorders.
These devices were tested for sterilisation eYciency with the spore test (strips containing Bacillus stearothermophylus and Bacillus subtilis spores). One strip was placed in the same steriliser packaging used at the practice and then in the centre of a normal load. A second strip was set aside to be used as a positive control. After the standard operating procedure for sterilisation, the spore strips were aseptically transferred to tubes containing trypticase soy broth and incubated for 7 days at 37°C (for dry heat sterilisation) or at 55°C (for steam or chemiclave sterilisation).
STERILITY TESTS FOR STERILIZED INSTRUMENTS
One sterilised and packed endodontic instrument per surgery was randomly sampled and analysed for sterility by opening the packaging aseptically, immersing the instrument in broth and incubating it for 48 hours at 37°C. It was then stored at room temperature in a closed cupboard.
Results
QUESTIONNAIRE
Reported hepatitis B infection and vaccination
Of the dentists 67.7% and of the nurses 71.8% said they had received a hepatitis B vaccination (table 1). Eight dentists (12.9%) and four nurses (5.6%) reported that they had had hepatitis B in the past.
Protective procedures
About 95% of personnel claimed to use masks, gloves, and a high speed vacuum, whereas glasses (90.9%) and shields (70.7%) were less often used (table 1) . Disposable materials were widely used, although only 67.7% used disposable white coats for high risk patients and 29.3% disposable burs. Critical points of dental units were not often covered with polyethylene film (44.4%).
Decontamination procedures
Correct procedures for the decontamination of contaminated instruments before sterilisation or disinfection were used by only 29 dentists (46.8%), and 20 surgeries (39.2%) had dedicated rooms for decontamination, sterilisation, and disinfection.
Sterilisation devices
The dentists declared that autoclaves were present in 68.6% of the surgeries, chemiclaves in 13.7%, ovens in 11.8%, and 5.9% gave no answers (table 2) . Periodic checks of autoclaves were usually only carried out with chemical tests (every day), and concurrently with biological tests (one a week) in only five surgeries (9.8%). However, no tests were carried out in 14 surgeries (27.4%, table 2).
Disinfection and preventive procedures
Disinfection with glutaraldehyde was used in 64% of the surgeries. Of the dentists 84% followed disinfection procedures for critical points of dental units, 71% for taking impressions, 55% adopted the tray system, and 77% treated hazardous patients at the end of the working day.
SPORE AND STERILITY TESTS
Three out of 35 autoclaves (8.6%) and one out of seven chemiclaves (14.3%) failed the spore test (table 2) . No failure occurred for the six ovens. Four out of 51 packed and sterilised endodontic instruments (7.8%) showed bacterial contamination after incubation in nutrient broth. Water samples from hoses showed high bacterial counts at 37°C (mean (range) 306 (1-2200) cfu/ml) and much higher counts at 22°C (2,260 (1-102 000) cfu/ml, table 5). Very high counts were found in samples from air-water syringes (2619 cfu/ml at 37°C and 2843 cfu/ml at 22°C). Six water samples from hoses (11.8%) showed the presence of total coliforms. All the samples were negative for Pseudomonas species, bacteriophages, and Legionella species.
Total bacterial counts at 37°C were higher than the American Dental Association goal (<200 cfu/ml) for 47.1% of hose samples and 56.9% of air-water syringe samples (table 5) . Higher percentages of these water samples (78.4% and 92.1% respectively) showed bacterial counts exceeding EU drinking water guidelines (<10 cfu/ml).
Total bacterial counts at 22°C for hose and air-syringe samples exceeded the ADA goal and the EU guidelines in lower percentages.
Twenty dental units (40.8%) were provided with a heating system and 42 (85.7%) with an antireflux valve, but no correlation was found between bacterial counts and the presence of these devices.
Discussion
Some hazardous behaviour was evident among the dental personnel interviewed. A high rate of infection with hepatitis B virus was reported and 30% of personnel did not receive hepatitis B vaccination (in Italy this vaccine is compulsory only for young people; however, it is strongly recommended for dentists); the correct decontamination procedure for infected instruments was lacking and a low level of knowledge on disinfection mechanisms was evident. Autoclaves were absent in 26% of dental surgeries and the use of biological controls for testing sterilisation was infrequent. In Italy there are no regulations about dental sterilisation devices and biological tests. Some instruments that had undergone sterilisation were found to be not sterile, probably because of sterilisation failure or faulty storage. A preventive measure as simple and useful as wrapping the critical area with polyethylene film was not commonly adopted (56% of cases). As in all the Italian dental surgeries glutaraldehyde was often used.
This behaviour is probably due to a lack of information on infective and non-infective health hazards in dental practice in Italy, where dental associations are not yet involved in educational programmes or production of guidelines on this topic.
A comparison with previous surveys on the use of protective devices in diVerent countries 
*>200 cfu/ml. †EU guidelines for drinking water: <10/ml at 37°C; <100/ml at 22°C. (table 6) shows that gloves were often used, whereas masks were used more often in recent surveys. 30 32 33 37-39 A previous Italian survey among dentists 37 showed lower percentages of use of these devices than in our research. This is the first time that air, surface, and water samples as well as instruments of dental surgeries have been studied concurrently for bacterial contamination. The contamination of air was fairly high; -haemolytic Streptococci, Staphylococci, and fungi were often found, producing extensive microbial contamination in the environment. This could be due to the infrequent use of devices for reducing airborne microbial contamination-such as high speed vacuums, dams, or oral disinfectants. Air contamination was also responsible for surface contamination by bacteria, Streptococci, and Staphylococci found in trolleys placed next to dental units.
Data on dental unit water samples showed high levels of microbial contamination. Bacterial counts were much higher than both the American Dental Association target for the quality of dental unit water and the EU drinking water guidelines. Most Italian dentists are probably unaware of this potentially dangerous water pollution, as this is the first time this type of research has been performed in Italy, where guidelines have not yet been prepared by the Italian Dental Association.
On completion of environmental monitoring and submission of questionnaires, we prepared an educational programme for the prevention of infective hazards among dental personnel based on a handbook showing scientifically based procedures to control infection, wall posters on sterilisation, disinfection, and protective procedures to be used in dental surgeries, and seminars to present the results of the research to the personnel involved in the study.
This research has clearly highlighted many critical points in the management of infective hazards among this group of dental personnel and the need to increase knowledge of procedures to control infection and comply with these methods of prevention. Therefore, additional educational programmes at university and after university are needed to improve the quality of dental assistance. The Italian Professional Dental Association, the Italian Hygiene Society, and university teachers should be involved in drawing up guidelines and educational programmes and in performing periodic checks on environmental contamination. As we found in our research, the involvement of dentists in investigations into microbial contamination could be an important stimulus to promote a more realistic perception of potential microbial risks in the dental surgery.
Increasing awareness of cross infection issues in dentistry among the general public will probably be an additional driving force in changing behaviour of dentists and reducing infective hazards. 
